Stroke, one of the most prevalent geriatric diseases, is a leading cause of death worldwide that often results in permanent physical disability and decreased quality of life, and can have a negative impact on families both financially and emotionally. Although many previous studies have shown relationships between the risk of stroke and nutritional factors, clear dietary recommendations for the prevention and reduction of stroke recurrence have not been established. Several factors should be considered to control and manage stroke. For example, a considerable number of patients with stroke are poorly nourished, have several comorbidities and undesirable health-related behaviors may be present. Stroke patients are less likely to consume beneficial foods, have poorer eating habits and have impoverished dietary quality. In addition, psychological factors such as depression must also be considered in stroke management. Given these factors, dietary recommendations for stroke patients should be established. In this article, we summarized the nutritional status and dietary quality of stroke patients. We also suggested some nutritional guidelines for stroke patients and for those who are at risk for stroke.
INTRODUCTION
The World Health Organization (WHO) estimated that stroke accounted for 5.7 million deaths worldwide, 1 with over 85% of these deaths occurring in low-or middle-income countries. 2 Stroke often results in permanent physical disability and can have a detrimental effect on not only the patient but also family members, damaging their quality of life. 3 In addition, stroke has become one of the most prevalent geriatric diseases. 4 As the global population of older adults (aged X65 years) has increased, the prevalence of stroke is expected to continue to increase significantly. 5 Moreover, the incidence in the type of stroke has shifted significantly from cerebral hemorrhage to cerebral infarction, 6 which may be explained by changes in diet and lifestyle.
Factors such as hypertension, age, sedentary occupation, highdensity lipoprotein cholesterol reduction, hyperglycemia, family history of stroke, nutritional status, 7, 8 depression [9] [10] [11] [12] and other diet-related behaviors 11, [13] [14] [15] [16] have been associated with stroke incidence. Among these factors, dietary patterns and certain food or nutrient consumption, such as insufficient consumption of fruits, 17 vegetables, 17 whole grains, 18 dietary fiber, 19 dairy products, 20 long-chain polyunsaturated fatty acids, potassium 21 and a high intake of sodium, 22 are well-known risk factors for stroke. However, there are no specific recommendations or dietary guidelines for stroke patients despite the extreme importance that nutritional status, dietary patterns and dietary quality may play.
In this article, the nutritional status and dietary quality of stroke patients are described and the effects of foods and nutrients on the risk of stroke are summarized. Such information may be useful in managing stroke patients, as well as preventing the reoccurrence of stroke.
To identify relevant literature, the MEDLINE database through PubMed was searched using the following keywords: 'stroke', 'ischemic stroke', 'cerebral infarction', 'cerebral hemorrhage' or 'hemorrhagic stroke' and 'diet', 'nutrition', 'nutritional status', 'nutrient', 'malnutrition', 'under-nutrition', 'dietary quality', 'quality of diet', 'dietary pattern' or 'eating habit'. Reference lists of all identified articles were reviewed for supplemental relevant studies.
NUTRITIONAL STATUS IN STROKE PATIENTS
Previous studies assessing the nutritional status of patients with stroke are summarized in Table 1 . Patients were commonly reported as undernourished, [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] and in one study 73.0% of patients were reported as malnourished. 32 Some studies reported that only 8-16% of patients were malnourished. [27] [28] [29] 35, 36 This discrepancy is likely because of inconsistency in data collection methodology such as variations in the assessment tools. In addition, nutritional status assessment occurred at different time points in relation to the time of stroke, that is, patients with acute stroke 30 or sometime after stroke onset. 27 Previous studies have reported the nutritional status of stroke patients using hematologic and anthropometric parameters, 23, 24, [31] [32] [33] 36 whereas others have used a combination of these parameters and expert opinion to diagnose malnutrition. 26, 27, 30, 34, 35 Currently, there is no gold standard for determining nutritional status of the stroke patients. However, the use of objective nutrition parameters (that is, anthropometric, biochemical and immunological) to assess nutritional status has been questioned because of the many nonnutritional factors (for example, age, illness and injury) that may affect results. Recently, studies have assessed the nutritional status of stroke patients using two instruments: 34, 37 the scored Patient-Generated Subjective Global Assessment (PG-SGA) and the Mini Nutritional Assessment (MNA). The scored PG-SGA includes an assessment of dietary history and disease status as well as metabolic demand and a physical examination. In a study of stroke patients with stable vital signs, well-nourished patients assessed by PG-SGA had better food consumption patterns, and better quality of diet and quality of life. 34 This implies that the PG-SGA seems to be a useful assessment tool for nutritional status in stroke patients.
The MNA assesses the nutritional status of elderly patients and is composed of brief questions and can be completed in o15 min. 25, 38, 39 It combines several assessment parameters such as anthropometric measurements, a general assessment, a dietary questionnaire and a subjective assessment. 38 Using this tool, a Korean study found that the majority of stroke patients were at risk of malnutrition or were malnourished before the onset of stroke (490%). However, the nutritional status of patients of European descent may appear better because their MNA scores are higher overall. 25 This may be attributed to higher average body mass index scores and larger mid-arm and calf circumferences than is generally observed in East Asian populations. This important consideration may be required to improve the nutritional status of elderly in rehabilitation units. 24 Strokes are common in the elderly, and they have physical discomfort. Concise MNAs could potentially be suitable for evaluating nutritional status. 37 
RELATIONSHIP BETWEEN FOODS AND NUTRIENTS AND STROKE
Many studies have investigated the effect of foods and nutrients on the risk of stroke (Table 2 ). Whole grains, legumes, fishes, reduced-fat milk, fruits, vegetables, coffee, tea, fiber, n-3 polyunsaturated fats and folate have been shown to reduce the risk of stroke. 40 Beans, fish, vegetables, seaweeds, fruits and dairy products are also associated with a reduced risk of stroke, and have been found to be less frequently consumed in stroke patients. 41 Negative effects were further observed with the consumption of meat, especially processed meat, sugarsweetened beverages and salt intake. 40 However, these effects are still debated in the literature given the limitations in study design, sample size and dietary assessment tools.
For example, micronutrients, antioxidants, phytochemicals and fiber in fruit and vegetables have been related to the prevention of stroke and other cardiovascular diseases in observational epidemiologic studies. 42 The reduced risk of stroke was most evident for the intake of cruciferous vegetables, green leafy vegetables, citrus fruits including juice and citrus fruit juice alone. 43 Fruits and vegetables are rich sources of vitamins and Impact of nutritional status and dietary quality on stroke H Lim and R Choue minerals, such as vitamin C, b-carotene, potassium, magnesium and calcium, in addition to other nutrients such as folate and fiber. 44 However, in the Framingham study, the protective effect of fruits was no stronger than that of vegetables. 45 Dairy products have also been shown to decrease the risk of stroke. A recent study observed that the individuals in the highest quintile of cream intake had a moderately decreased risk of stroke (relative risk ¼ 0.81; 0.72-0.92). 46 However, there were no strong associations between intakes of total dairy, low-fat milk, sour milk, cheese, ice cream or butter and risk of any stroke subtype. 19 Similarly, there is some inconsistency between previous studies. In the Nurses' Health Study and the Health Professionals FollowUp Study, 'healthy diet' as defined by a high intakes of fruits, vegetables, soy, nuts and cereal fiber, a high ratio of polyunsaturated to saturated fat and chicken plus fish to red meat, low intake of trans fats and use of multivitamins for X5 years was associated with a trend toward a lower risk of stroke in men (relative risk ¼ 0.90, 95% confidence interval 0.80-1.00) but not in women. 48 Meanwhile, an unhealthy diet, indicating a poor and increasingly unhealthy cardiovascular diet, for example, high animal fat and high sodium diet, was associated with an increased risk of stroke 49 and a population-attributable risk of stroke. 49 Unexpectedly, in a Japanese study, the relative risk for stroke was less than one (0.68-0.94) in the highest quartile level of those consuming a westernized dietary pattern, which suggests the possibility that the traditional Japanese diet, which is very low in animal fat, was likely to increase the risk of stroke. 50 In contrast, Fung et al. 51 reported that a Western dietary pattern, characterized by a high intake of red and processed meats, refined grains, high-fat dairy products and sweets and desserts, was associated with risk of stroke. The reduced risk was shown with a prudent dietary pattern, which is a diet higher in fruits and vegetables, fish and whole grains. 51 Several previous studies have also suggested that a number of components in a prudent dietary pattern have been associated with a lower risk of stroke. 43, 52 Few studies are available on the components of the Western dietary pattern with the risk of stroke. In a case-control study, 53 an increased risk of stroke was seen when meat consumption was 44 times per week; however, the association was no longer significant when cerebral infarction and cerebral hemorrhage were analyzed separately. Another study indicated that the higher risk of stroke observed in a Western dietary pattern may be partially mediated by insulin response or the inflammation process. 54 In addition, the Dietary Approaches to Stop Hypertension (DASH) diet 55 and the Mediterranean diet have claimed to be associated with a lower risk of stroke. 56 Quality of diet Although dietary intake and diet quality of stroke patients should be well managed, few studies have assessed diet quality. 37 To assess dietary quality, several methods such as comparison with the Dietary Reference Intakes for each population, nutrient adequacy ratio, mean adequacy ratio, evaluation of the diversity of food groups and the variety of meals and validated measures of their overall diet quality can be used. 34, 37, 41 A previous study revealed that the average number of food groups and items consumed daily was significantly lower in stroke patients 37 ( Table 3 ). The percentage of stroke patients who consumed all five food groups was 6.9%. The stroke group had a higher ratio of food group omission than the non-stroke group, particularly omission of the fruit and dairy groups. The diet quality index-international (DQI-I), an assessment tool to evaluate overall quality of diet, was developed for making international comparisons of diet quality. 57 A higher DQI-I score indicates a better quality diet. The overall measure of dietary quality, DQI-I, in the stroke group was significantly lower than those in the non-stroke group (stroke: 60.3 vs non-stroke: 65.3) 37 ( Table 3 ). The scores for each of the four categories (variety, adequacy, moderation and overall balance) in the stroke group were significantly lower than those in the non-stroke group. 37 Diets that omit foods from one or more food groups in sufficient amounts and unbalanced meals may be confounding factors that affect dietary quality.
A larger proportion of stroke patients consumed diets lacking foods from one or more food groups. The most frequently omitted food groups were the dairy or fruit group, and both the dairy and fruit groups, which affirmed previous results on the relationship between stroke and low fruit and dairy intake. 17, 43 The stroke patients also had reduced variety of foods within each food group.
NUTRITIONAL RECOMMENDATIONS TO PREVENT A STROKE AND REDUCE THE RECURRENCE
There are no clear dietary recommendations to prevent a stroke or to reduce its recurrence, although numerous studies have already shown relationships between stroke and nutritional factors. In addition, health professionals should consider several other factors to control and manage the disease. Below, some nutritional guidelines for stroke patients or for those at risk of stroke are suggested.
Nutritional status considerations in stroke patients. Malnutrition is common in stroke patients. The extent of malnutrition in hospitalized patients with stroke and its influence on outcomes are important issues. PG-SGAs and concise MNAs are thought to be suitable for evaluating the nutritional status of stroke patients with stable vital signs, especially elderly stroke patients with physical discomfort. It counts the number of food groups consumed daily from major five food groups (dairy, meat, grain, fruits and vegetables). f It is summed across the four recommendations to develop a diet quality from 0 (poor diet) to 100 (excellent diet). *Significantly different between the two groups by Student's t-test at *Po0.05, **Po0.01 and ***Po0.001. Dietary therapies are specific to each disease, and thus a need for nutritional therapy in stroke patients would be advantageous to help control comorbidities while addressing poor eating habits. Control food consumption and quality of diet. In general, stroke patients are less likely to eat beneficial foods such as beans, fish, vegetables, seaweed, fruits and dairy products. These foods should be recommended in their diets. The effects that foods and nutrients have on stroke patients may be investigated by considering overall diet quality. Stroke patients should modify their eating habits. Many frequently skip meals or eat at irregular meal times. They are more likely to consume foods high in sodium and pungent foods, and tend to omit more than two food groups. Dietary assessments should focus on eating habits, dietary pattern and overall diet quality and on population-specific dietary habits or criteria customized to the patient. Improve the quality of life and psychological factors for stroke patients.
The consequences of depression and quality of life among stroke patients should not be overlooked. These psychological factors also affect diet quality. Identification of malnutrition and appropriate nutritional interventions may affect rehabilitation and quality of life post onset. Consideration of all aspects of integrated treatments for stroke patients should be implemented: medical nutrition therapy to improve nutritional status, depression management and education targeting families or caregivers to promote their cooperation.
SUMMARY AND CONCLUSIONS
Stroke is one of the top three causes of mortality in the world. Stroke is also a leading cause of permanent physical disability and has a significant effect on the quality of life of not only the patient but also the family members. Recently, the incidence of cerebral infarction has gradually increased, as compared with the steady decline in cerebral hemorrhage incidence. This trend is partially explained by dietary behavior and lifestyle. Population-level screening tools for dietary quality and/or nutritional status should be developed for subjects who are at risk of stroke. In addition, active and customized medical nutrition therapies or management programs to improve diet quality are needed and should take into consideration patient medical history, health-related behaviors, comorbidities and psychological factors. Population-based diet assessments are needed to more effectively examine traditional diets and eating behaviors.
Fortunately, most of the risk factors for stroke can be ameliorated before onset of stroke through individually tailored intensive management efforts with evidence-based nutritional recommendations. Currently, there are no dietary guidelines or medical nutrition therapy protocols for stroke, but the development of such guidelines or protocols would assist in its management.
